Background: Failure to transfer procedural skills learned in a laboratory to the bedside is commonly due to a lack of peer support/stimulation. A digital platform (Facebook) allows new clinical clerks to share experiences and tips that help augment their procedural skills in a peer-assisted learning/teaching method. This study aims to investigate the effectiveness of the innovation of using the digital platform to support the transfer of laboratory-trained procedural skills in the clinical units. Methods: Volunteer clinical clerks (n ¼ 44) were enrolled into the peer-assisted learning (PAL) group, which was characterized by the peer-assisted learning of procedural skills during their final 3-month clinical clerkship block. Other clerks (n ¼ 51) did not join the procedural skills-specific Facebook group and served as the self-directed learning regular group. The participants in both the PAL and regular groups completed pre-and post-intervention self-assessments for general self-assessed efficiency ratings (GSER) and skills specific self-assessed efficiency ratings (SSSER) for performing vein puncture, intravenous (IV) catheter and nasogastric (NG) tube insertion. Finally, all clerks received the post-intervention 3-station Objective Structured Clinical Skills Examination (OSCE) to test their proficiency for the abovementioned three procedural skills. Results: Higher cumulative numbers of vein punctures, IV catheter insertions and NG tube insertions at the bedside were carried out by the PAL group than the regular group. A greater improvement in GSERs and SSSERs for medical procedures was found in the PAL group than in the regular group. The PAL group obtained higher procedural skills scores in the post-intervention OSCEs than the regular group. Conclusion: Our study suggested that the implementation of a procedural skill-specific digital platform effectively helps clerks to transfer laboratory-trained procedural skills into the clinical units. In comparison with the regular self-directed learning group, the peer-assisted learning characteristics of Facebook give additional benefits to the PAL group by enhancing their procedural skills.
Introduction
In addition to diagnostic and clinical reasoning skills, procedural skills have been incorporated in the objective structured clinical examination (OSCE) used to test medical students. 1, 2 At the beginning of a clinical clerkship, laboratory training sessions (Table 1) were organized in our institution to increase the proficiency of procedural skills of the clinical clerks. Unfortunately, many of the clinical clerks who received this training still failed their end-of-clinical clerkship medical procedural OSCE. A post-OSCE mini-interview revealed that a lack of motivation and a low level of confidence in practicing these medical procedures during the clinical clerks' clinical rotation were the main reasons for failure. Similarly, the literature suggested that clerks have difficulties in transferring laboratory-trained procedural skills into clinical settings/ units. 3 Accordingly, an intervention program that focuses on solving this difficulty was developed by the clinical clerkship director of our institution.
Peer learning is a form of learning that involves informal dynamic relationships within a group of individuals who are similar in experience and rank. It is based on the premise that there is a pool of skills, experiences, and resources within the group that is deliberately or subliminally used to support and empower one another and to foster everyone's development. Because of the equality among group members, relationships are generally personal and mutual, and ideally, each participant has something of value to contribute and gain. 4 A digital platform such as Facebook is one example of a peer-group community that is used by medical students to prepare writing and examinations, to share their experiences dealing with distressing situations during clinical rotations and to make individual career plans. 5 A stable peer-group community can offer clinical clerks the opportunity to share the immersive year-long clinical clerkship experience with others who are experiencing a similarly challenging learning environment. Peer-assisted learning (PAL) offers educational benefits that do not require a major time investment from faculty members, unlike curriculum innovations. 6, 7 A peer-group community provides continuous opportunities for group-based reflection and improvement. 8 The most important aspect is for clinical clerks to be skilled at performing medical procedures as a first step to becoming independent physicians in the future.
Currently, there have been no studies that have explored whether a digital platform peer-assisted intervention is able to help clinical clerks transfer laboratory-trained procedural skills into clinical units. Therefore, we implemented a Facebook peer-assisted intervention and tested whether this intervention was able to help the clinical clerks transfer their laboratorytrained procedural skills to the clinical units.
Methods

The common laboratory skill training sessions
At the start of the clinical clerkship, all clinical clerks were requested to attend a manikin-based (vein puncture, intravenous [IV] catheter and nasogastric [NG] tube insertion) laboratory training. These training sessions included an introduction and demonstration of the abovementioned procedural skills, followed by individual tutor-guided practice; this practice was carried out on both manikins and peers. Finally, every clinical clerk was audited and debriefed for these skills by three experienced trainers who used those skills clinically. After the class, detailed lectures covering all of the three procedures were given to all clinical clerks.
Peer-assisted learning (PAL) program
At the start of the PAL intervention program, a Facebook group was set up to foster the learning of peer-assisted procedural skill by allowing the PAL group's participants to keep in touch while rotating through different clinical wards. The digital platform, in addition to having wall posts, photos, videos and web links describing the above three procedural skills, allowed all participants to share training experiences/resources and any procedure-related tips and educational information. This Facebook group was specifically a private group for the PAL group's participants. Therefore, this Facebook group could be accessed only by invited participants, namely, the PAL group's participants and the teaching assistants (TAs) for the course. Every two weeks, TAs updated the cumulative frequencies of each participant performing the three procedural skills on primary care patients by collecting data from email. To encourage the PAL group, TAs sent an email invitation to each participant to visit the Facebook group, so they could see others' completion of the three procedural skills at the basic and additional frequencies. Meanwhile, TAs analyzed how frequently the participants used the Facebook group, distributed topics (to share clinical skills training experiences/resources, to share procedure-related tips and to share educational information), and chatted for discussion.
Participants
From January 2013 until September 2015, the PAL program was outlined to the clinical clerks at their orientation. Continuously, all clerks were invited to participate in the PAL program with a series of email invitations and follow-up question-and-answer sessions until 2 weeks before their final 3-month block of clinical clerkship (the PAL group). All clerks could freely choose to join or not be involved in the PAL intervention group after receiving initial laboratory and clinical rotation skill trainings during their previous 6 months.
The clerks who did not join the program served as the regular group (the control group). The research was performed in compliance with the Declaration of Helsinki, and written consent to participate was given by all participants. Among all clinical clerks that were approached, the PAL group clinical clerks volunteered to participate in the clinical clerk-led Facebook group that formed the peer-assisted procedural skill training interventional program. Simultaneously, the remaining 51 clinical clerks who did not join the PAL group formed the self-directed learning regular group. The reasons given by these clinical clerks in the control group for refusing to join the PAL group were "a wish to maintain their online privacy", "a reluctance to spend extra time updating and engaging within Facebook after finishing their daily clinical work", "a refusal to increase peer and mentor pressure during their clinical clerkship", and "having confidence in self-directed procedural skills learning". Clerks not participating in PAL intervention had no disadvantages regarding passing/failing the final block or end-of-block OSCE, as well as in their final grades.
Common basal requirements for frequency of performing three procedural skills
Clerks in both control and PAL groups were asked to complete a basal requirement for each procedural skill: 30 vein punctures, 30 IV catheters and 30 NG tube insertions at bedside within their last 3-month block.
Assessments
To subjectively assess the effectiveness of the PAL group's peer-assisted learning/teaching and the regular group's selfdirected learning, the clinical clerks of both groups received three post-intervention 15-min OSCE stations in the end-ofclinical clerkship OSCE (Supplemental Table 1 ).
Three procedural skills of the OSCE
The assessment of procedural skills was carried out by fulfilling a binary checklist (Supplemental Tables 2e4), which included 18 items related to vein puncture, 17 items related to IV catheter (IVC) insertion, and 21 items related to NG tube (NGT) insertion. 9 All the OSCE raters were blinded to the group (PAL or regular) of their examinees.
The pre-intervention and post-intervention selfassessed questionnaires
Basic demographic data were collected from all clinical clerks before the intervention. All clerks were asked to complete the general self-efficacy rating (GSER) (Supplemental Table 5 ) and skill-specific self-efficacy rating (SSSER) (Supplemental Table 6 ) before and after the intervention program. Self-efficacy refers to a person's belief that he or she has the ability, motivation, and resources to complete a task successfully. Self-efficacy is usually conceptualized as a situation-specific belief. A person may believe that he or she can perform a certain task in one situation but is less confident with that task in another situation. However, there is also evidence that people develop a more general self-efficacy if they perform tasks in a variety of situations. This assessment helps people to estimate their general self-efficacy. 10 Additionally, the SSSER assesses the clerk's proficiency at specific technical skills. The number of correctly performed steps for vein puncture, IVC and NGT insertion were calculated as a percentage of maximal achievable points (vein puncture: 18 points, IVC: 17 points, NGT: 21 points). Additionally, the time needed to carry out each of the skills was measured; this information extended from picking up the first item until the student announced the end of the procedure. A single global rating item of "overall ability to perform the procedure" on a 6-point Likert-scale (6 ¼ very good to 1 ¼ unsatisfactory) was given by the clinical examiner after the clerk finished the above three procedural skills. The performances were further categorized into "competent examinees" (rated as 6 and 5), "borderline examinees" (rated as 4 and 3) and "incompetent examinees" (rated as 2 and 1). The binary checklist procedural skill scores were converted into percentages for further analysis and comparison.
Pre-intervention/post-intervention self-assessments
The four-point Likert scale (1 ¼ I fully agree to, 4 ¼ I completely disagree to) based general self-efficacy rating (GSER) and six-point Likert scale (1 ¼ I fully agree to, 6 ¼ I completely disagree to) based skill-specific self-efficacy rating (SSSER) were completed by each clerk in the PAL and regular group. In other words, GSER and SSSER including vein puncture, NG tube and IV catheter insertion skills were assessed by each clerk and compared between groups.
Portfolio-recorded procedural frequency
At the end of the intervention program, TAs collected the portfolio-recorded frequencies of performing the abovementioned three procedures by participants in PAL and regular groups at a clinical ward within three months. The portfolio records of performing these procedural skills were signed by supervisors, including the interns, residents or attending physicians of each clerk.
Ethical considerations
Participation was voluntary, and written informed consent was obtained from all clinical clerks. The study was conducted in accordance with the Declaration of Helsinki (Seoul 2008). Approval was given for this study by the Research Ethics Committee of Yang-Ming University and Taipei Veteran General Hospital with YM102101W and 2013-02-007AC.
Statistical analysis
Survey information was collected using a paper-based questionnaire that included both demographic information and a series of relevant assessments. Statistical analysis was performed using SPSS (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). The post-intervention procedural skill OSCE scores of the clerks who formed the PAL and regular groups were compared using Student's t-test. The results of the preintervention and post-intervention self-assessments were compared using paired Student's t-tests.
Results
Basal characteristics and self-assessed confidence
The average age, percentage of gender distribution, and percentage of having previous experience performing vein punctures, NG tube insertions and IV catheters were not different between the PAL and regular groups (Table 1) . Among the PAL group participants, the majority (92%) accessed Facebook weekly or more often (80%), and over half (60%) accessed Facebook daily. Additionally, we found that the PAL group participants had used Facebook to share clinical training experiences/resources (69%), to share procedurerelated tips (44%), to share educational information (39%), and to chat (41%).
Among the clinical clerks in the PAL group, higher postintervention GSER and SSSER ratings compared to their pre-intervention ratings were found. In other words, the GSER and SSSER ratings of the PAL group were significantly improved after the intervention during the final block of the clinical clerkship (Fig. 1) . By contrast, the ratings for the GSER and SSSER were not significantly improved for the regular group during the final block of the clinical clerkship.
Performance of the post-intervention procedural skill OSCEs
In comparison with the global rating, the checklist ranks all items in the same way, which potentially might lead the examinee to fail because of several less important errors rather than one big mistake. Additionally, the global rating scores are able to represent how smoothly the procedure was carried out. Both checklist and global rating scores were used to assess the efficiency of peer-assisted learning/teaching in the PAL group or self-directed learning in the regular group. During the postintervention OSCE, higher binary checklist scores and singleitem global ratings were found for the PAL group than for the regular group for vein puncture, IV catheter and NG tube insertion (Table 2) . Correspondingly, the times to complete vein puncture, IV catheter and NG tube insertion were shorter among the PAL group than the regular group.
In post-intervention OSCE, inter-rater reliability was 0.89 ( p ¼ 0.01) for the binary checklist and 0.734 for the global rating of vein puncture, IV catheter and NG tube insertion skills. Notably, good inter-rater reliability for both checklist and global ratings suggested the appropriate organization of our post-intervention OSCE. 
Cumulative times of performing the bedside medical procedures
During the intervention period, higher frequencies of performing the three medical procedures at the bedside were found for the PAL group than for the regular group [vein puncture: 48 ± 11 vs. 27 ± 8, p < 0.001; IV catheter: 51 ± 6 vs. 31 ± 10, p < 0.01; and NG tube insertion: 39 ± 7 vs. 19 ± 5, p < 0.05], respectively. In other words, during the final block (3 months) of the clinical clerkship, a higher motivation was present among the PAL group regarding the performance of these medical procedures than among the clinical clerks in the self-directed learning regular group. Although it did not reach significance, the additional analysis of the correlation between the cumulative frequency of bedside performance of the three procedural skills and the average procedural skill OSCE showed a trend of higher OSCE score with increased frequency of bedside performance of procedural skills ( Fig. 2A) . Notably, a higher mean cumulative frequency of performing procedural skills was noted for PAL group participants with a high-average OSCE score (>85) than for those with a low-average OSCE score (<80) (Fig. 2B) . By contrast, there was no correlation between the cumulative frequency of bedside performances of the three procedural skills and the average procedural skill OSCE of the regular group participants (data not shown).
Discussion
Peer-assisted learning is a core element for creating supportive learning environments, addressing specific gaps within the curriculum and facilitating successful careers in medical training. 12, 13 The creation of continuous student peer groups enhances mutual support during the uncomfortable professional transitions that occur during clinical clerkship. A digital platform (Facebook) was originally created to allow university students to socialize and is now the best known social networking site in the world. Facebook's (www. facebook.com) features make it easy for web users to set up and maintain personal "profile" pages, connect to various people and remark on other individuals. Facebook is a potential peer learning tool that provides an effective peerassisted learning environment to medical students for mutual emotional support, empowerment and collaboration. 14 Our study reports that a digital platform promotes the motivation of the clinical clerks to learn and practice procedural skills at clinical units. Through interaction on and outside the digital platform, the PAL group clinical clerks reported that knowing about their peers' challenging experiences helped them to avoid similar problems in performing procedural skills. Through interaction on the digital platform (Facebook group), our PAL participants reported that they became immersed in the pace and tasks of vastly different medical teams. Obviously, the effectiveness of the PAL participants was both peer-assisted learning and teachingdependent, whereas the control participants established their procedural skills proficiency mostly through self-directed learning. This finding might be one reason that the performance on the post-intervention OSCE by the PAL group was better than that of the regular group.
Learning skills in a laboratory facility provides an effective and safe learning environment to improve knowledge, performance of the skills, and behavior when compared to individuals with no training. Among the procedures that clerks underwent during training in our study, IV catheter insertion represents a task of higher complexity, while NG tube insertion represents a task of lower complexity. Notably, the digital platform was able to enhance both the relatively simple and the complex procedural skills of the participants.
Facebook PAL intervention is a feasible strategy to introduce into medical education. Kirkpatrick's first level evaluates "participants' satisfaction" and most of the participants in the PAL group gave a positive assessment for this intervention. Kirkpatrick's second level evaluates how "participants increase confidence, knowledge and performance"; the PAL group obtained higher procedural skills OSCE scores than the regular group. In parallel, the self-reported GSER and SSSER ratings were remarkably increased among the PAL group compared to the control group. Kirkpatrick's third level evaluates "the amount of knowledge and skills learned that participants actually use in everyday work". In our study, we modified the third level to be the "self-reported degree of participants' application of skills learned from PAL intervention". It is wellestablished that when one goes through an evaluation process, the evaluation process becomes more difficult and timeconsuming as one moves from Kirkpatrick level 1 to level 4, although the higher levels provide information of increasingly more significant value than lower levels. Thus, level 4 will need to be assessed in the future. High-quality interaction between students on Facebook will increase interaction outside the digital platform. 13, 14 Consequently, digital platform-based peer-assisted learning significantly enhances the motivation and interest of learners. The limitation of our study was that this is a small-scale analysis at a single site that may limit the thoughtful analysis due to the small sample sizes. Additionally, in our study, clerks voluntary participated in either the PAL group or the regular group. In other words, PAL intervention group participants were volunteers who had a high motivation to learn; this characteristic may have resulted in some degree of selection bias and Hawthorne effects that may affect our results. Notably, there are no differences in age, sex distribution and prior learning experience between the PAL and regular groups in our study (Table 1) . However, our study did not include a pre-intervention OSCE and did not characterize participants' behavior on Facebook.
These factors will limit the interpretation of our data due to a lack of information about basal characteristics of performance and compliance in the two groups. Although Facebook made peer learning convenient and enriching, Facebook use may also blur the boundaries between socializing and studying among the PAL group participants. Consequently, the improvement of OSCE and GSER/SSSER score cannot fully be explained by the use of Facebook. After confirming the initial positive results obtained during this study and the balancing of participants' freedom for selection, a randomizedcontrolled study between and across academic years and with and without PAL intervention should be conducted in the future to avoid the abovementioned confounding factors.
In conclusion, the present study has demonstrated the effectiveness of a digital platform PAL strategy that helps to transfer laboratory-trained procedural skills into the real clinical setting where clinical clerks work. Future research topics surrounding Facebook in a medical teaching environment ought to address questions concerning the balance between the need to preserve the privacy of participating clinical clerks and the desire to facilitate interaction between clinical clerks. Overall, our study suggested that the establishment of a specific peer-assisted Facebook PAL, which parallels regular learning of bedside self-directed procedural skills, may be a practical strategy to improve the transfer of laboratory-trained procedural skills into clinical practice.
